In 20 women after abdominal hysterectom\', a statistically significant increase of neopterin was observed . Because large amounts of neopterin are produced by macrophages upon stimulation with interferon-y the data demonstrate significant cell -mediated immune activation in patients after surgery . Beginning trom day 2-3 neopterin concentrations reach a plateau still remaining significantly higher than baseline even one week after operation. Peak neopterin values determined after hysterectomy inversely correlated with hemoglobin and hematocrit values measured on dav 7 (rs = -0 .606, p<O.OS ). The data show that abdominal hysterectomy is associated with activation of the cellular immune system .
Introduction
There is evidence that surgery or trauma represents a significant challenge for the cellular and humoral immune system ( 1, 2 ) . ~laIl\' facets of the host's immunological response, such as Band Tcell count and the natural killer lymphoc\'te activity, were reported to be depressed in such patients ( 3 ) . It was suggested that these immunological eflects may increase the risk of postoperative infections (4 ) or facilitate the development of metastases in cancer patients (5) . Especially the cell-mediated immunity appears to be critically involved in the immune response after surgical treatment. Therefore, we were interested to investigate the int1uence of a standard surgical procedure on the cellular immune system. During the cell-mediated immune response activated T cells § To whom correspondence should be addressed. produce c)'tokines like interleukin-2 and interferon-y in large quantities, the latter one inducing production of neopterin, a pyrazino-pyrimidine derivative, in human monocytes/ macrophages. In our study, the determination of neopterin concentrations was employed as a sensitive tool for the assessment of cellular immune activation (6).
Material and Methods
Twenty women (median age 43 years, range 29-67 years ) undergoing abdominal hysterectomies for histologically verified uterine myomas were included in the study. From the patients spot urinary specimens were collected immediately before surgery (day 0) and thereafter on every morning in daily intervals until day 10 after operation. In total 220 urine samples were investigated . Urinary neopterin concentrations were measured by highpressure liquid chromatography, as described else- where (7) . Concentrations of neopterin were related to concomitantly measured creatinine levels to account f()r phvsiological fluctuations of urine densities. A whole blood cell count was performed on day 0, 3, 4 and 7. The patients studied did not receive blood transfusions intra-or postoperatively.
All patients received general anesthesia: Five patients had a neurolept anesthesia with fentanyl, therealter the patients were yentilated with ~20/ 02 (75%/25%) . Twelve patients received a com'entional balanced anesthesia with iCntanyl and ~2 0 ,yith isoflurane (n=3 ) or halothane (n=9 ). Three patients received a mixture of halothane, O 2 and ~2 0 Intravenous morphine was given tor postoperative pain relief. All postoperative courses \\'ere unen:ntfuJ.
Statistical analysis was pertormed emplm'ing nonparametric paired Wilcoxon -~ lalID -'Yhi tne\' -C -test tor comparison of seq uential data and Spearman's rank regression coefficients tor correlation analyses.
Results
Before surgery, urinary neopterin concentrations were within the normal range in all patients (mean: 165 !-lmol/mol creatinine ) , After abdominal hysterectomies, a statistically significant increase reaching a maximum of 248 mmol/mol creatinine on day 3 ( U =3.15, p<O.OI; Figure I ) was observed.
Compared to pre therapeutic values, neopterin concentrations remained significantly higher from day 2 until day 7 alter operation (U=3. 0,01 ). Hemoglobin levels decreased alter hysterectomies: there was a significant decrease from baseline to day 1, and levels further decreased bet\\een day I and day 7 (LJ=3.IS , p<O.OI; Table 11 . l'rinan' neopterin concentrations measured on da,' -l alter abdominal hysterectomy showed a significant im'ersc correlation with the hemoglobin '-alue s determined on day 7 alter operation ( rs = 0.606, P <0.05, Spearman rank), Hematocrit le,'Cls beha,·-ed similar to hemoglobin and, similarl\', ncopterin and hematocrit levels (day 4 versus day 7) '\Tn: correlated inversely (data not shown ). ~ 0 furthe r associations between neopterin and other blood ccll compartments were obscn·ed.
Discussion
Elevations of urinary neopterin concentrations after abdominal hystere ctomies clear\\-demonstrate activation of cell-mediated immunin' as ,1 consequence of surgery. The time inten'al of the significant neopterin elevations from da\' :2 until da~' 9 is comparable with immune responses alter surgical trauma reported in mice (5 ). In accordance with other studies we can not estimate or exclude the contribution of anesthctic agents to neopterin changes (2,3), However, there '\'as no difference of neopterin concentrations ben\'een the t\vo sup groups of patients in our study \\'ho received different anesthetic regimens. Also the duration of anesthesia was neither associated with neopterin concentrations nor with hemoglobin Ie,·-els. Therefore we conclude that the major impact on neopterin le"els was related to thc surgical trauma itself.
l\lultiple isolated eftects were reported to influence hum oral and cellular immune reactions after surgery (1) (2) (3) (4) (5) , Immunodeficiency is frequently indicated by a reduced T-cell proliferative response in vitro or by skin testing (1-3 ) . However, it must be emphasized that immunologic in vitro tests and animal experiments not necessarily re-flect all aspects of the immune status of patients (8) . Immunodeficiency which is frequently indicated by a reduced T-cell proliferative response in vitro or by skin testing is often associated with signs of a stimulated immune system in patients (8) (9) (10) (11) . Therefore the main purpose of the present study was to evaluate the degree of immunologic embarrassment of a routine surgical procedure in patients who are defined as normal by clinical criteria and to use a test sytem allowing in vivo measurements of the immune status with sufficient sensitivity. The present study shows that even a routine surgical procedure in patients who are defined as immuno logically normal by clinical criteria may cause detectable immune disturbances. Neopterin testing o bviously allows in vivo measurements of the immune status with sufficient sensitivity to detect also minor alterations. Neopterin values were related to creatinine values, and creatine clearance was found to decrease after surgery (12 ) . However, the changes of creatinine clearance observed eve n after major surgery were rather small (up to -19%) and cannot explain the increase of urinary neopterin per creatinine in our patients.
Drop of hemoglo bin which may progress to anemia is frequently seen in patients after surgical treatment. Blood loss during surgery is an important reason but also additional factors may play a role such as cytokines induced by surgical trauma. Numerous cytokines including interferony and tumor necrosis factor-a are formed during the intial phase of immune response ( 10, 11 ) and may contribute to inhibit hematopoiesis ( 13 ) . In the present investigation, the inverse correlation of neopterin concentrations measured on d ay 4 with hemoglobin values suggests an association between the activated cellular immune system and erythropoietic inhibitio n . Initial blood loss will be responsible for the significant drop of hemoglobin between days 0 and 1, and the intial blood loss with hypoxia might also be involved to induce cytokine cascades. However, hemoglobin levels o n day 1 did not correlate to neopterin concentrations later on and hemoglobin levels further decreased by approximately -5% from day 1 to 7 (in fact IS of 20 patients experienced a further d ecline, two remained unchanged and only three showed a slight increase of hemoglobin ). Blood loss during surgery may be an unlikely explanation for this second drop, and inhibition of h e m atopoiesis could have an additional influence . Notably, correlations d o n ot necessarily confirm a cause-effect relationship, but associations betwee n the degree of cellular immune response and the decline of hemoglobin levels was found earlier also in patients with multiple trauma (11), with malignant diseases, infectious diseases and in hemodialysis patients (14, 15, 16) . Blood loss during surgery will be most important for postoperative drop of hemoglobin . The possible additional influence of cytokines should be investigated in a more detailed study.
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